We provided supplemental food to hispid cotton rats (Sigmodon hispidus) in northeastern Kansas to test for restriction of movements in the presence of additional resources. We estimated movements as the mean squared distance from the centroid of locations for each individual and tested for changes in movements on 2 time scales using mark-recapture data. Movements within a 3-day interval varied with sex, season, and reproductive condition, but we found no significant changes in response to supplemental food. Movements over an individual's entire 1-6-month tenure on our area decreased with added food. Hence, adding food at regularly spaced, point sources did not seem to influence daily movements but reduced the tendency of individuals to shift centers of activity over longer time intervals.
Movements associated with foraging and reproduction are frequently foci for study in behavioral ecology (Krebs and Davies 1978) . Ostfeld (1985) presented a model of use of space, resource levels, and social systems in microtines in which fitness of females was related to food and fitness of males to acquiring mates. He reasoned that space use by females would be more responsive than that of males to changes in food. Gaulin and Fitzgerald (1986) advanced the theory of space use by proposing that mating systems were related to gender differences in movements. They predicted that polygynous males would have larger home ranges than females, whereas home ranges of monogamous males and females would be similar in size (but see Wolff et al. 1994) .
One method of exploring the use of space is to supplement resources (e.g., food) and observe changes in movement patterns of various age and sex groups. Commonly, but not universally, home ranges of rodents decrease with supplemental food (Boutin 1990) . Home range sizes decreased in Microtus ochrogaster (but not if adjusted for effects of population density- Desy et al. 1990 ), female M. californicus (Ostfeld 1986 ), M. pennsylvanicus (Fortier and Tamarin 1998) , M. townsendii , Clethrionomys rufocanus (Ims 1987) , Peromyscus maniculatus (Taitt 1981) , P. polionotus (Smith 1971) , Ochrotomys nuttalli (Young and Stout 1986) , Tamias townsendii (Sullivan et al. 1983) and Spermophilus parryii (Hubbs and Boonstra 1998) . Home range sizes did not change in P. leucopus (Hansen and Batzli 1979; Wolff 1986) , P. gossypinus (Young and Stout 1986) , male M. californicus (Ostfeld 1986 ), or female M. pennsylvanicus at low densities (Fortier and Tamarin 1998) ; but increased in Tamiasciurus hudsonicus (Sullivan and Klenner 1992) , and M. ochrogaster (Slade et al. 1997) .
We focused on the impact of supplemental food on movements of hispid cotton rats (Sigmodon hispidus). Male cotton rats typically have larger home ranges than females and reproductively active males have the largest home ranges of any group (Cameron et al. 1979; Slade and Swihart 1983) . These results are consistent with a polygynous, or perhaps opportunistic, mating system of cotton rats. The concept of home range involves the daily movements of individuals (Burt 1940) , but the dispersion of animals in space is also the result of relocation of home-range centers over longer time intervals. Thus, we analyzed movement data on 2 temporal scales: within 3-day trapping periods and over the entire 1-6-month period when an animal was trapped on the grid. Following Ostfeld (1985) , we predicted that females with supplemental food would decrease movements on both time scales, and that movements of males would change less than those of females. 
MATERIALS AND METHODS
We used 4 trapping grids at the University of Kansas's John H. Nelson Environmental Study Area located in Jefferson County 14 km NNE of Lawrence, Kansas. All grids were old-field habitats containing mixed forbs, grasses, and shrubs, and were separated by at least 50 m (Slade et al. 1997) . Three grids (A-C) were separated by 50-100 m and each contained 64 trap stations arranged in an 8 Â 8 array. The fourth grid (D) was 400 m from the other grids and contained 99 traps in a 10 Â 10 grid with 1 station missing. Trap stations were spaced at 15-m intervals on all grids. Each station had 2 Sherman live traps (either 8 Â 9 Â 23 cm or 8 Â 9 Â 30 cm) covered by a wooden board.
We trapped monthly for 3-day intervals from June 1990 through May 1992. Traps were baited with commercial scratch grain (a mixture of cracked corn, wheat, and grain sorghum). During the cold months (November-March) cotton or polyester fiberfill was provided as nesting material.
We ear-tagged (National Band and Tag Company, Newport, Kentucky) all cotton rats and recorded sex, body mass, reproductive condition, and location at each capture. Males were classified as having scrotal or inguinal testes. Females were classified as reproductive if they were noticeably pregnant or if they had at least 2 external characteristics (perforate vulva, developed nipples, or open pubic symphysis) indicating reproductive activity (McCravy and Rose 1992) .
We provided supplemental food in 355-ml soft drink cans (6.5 cm in diameter) that contained 50 g each of grain sorghum, millet seed, and commercial rabbit chow (Purina 5315, St. Louis, Missouri; primarily pelleted alfalfa). Cans were placed midway between trap stations throughout supplemented grids. Cans were replaced at 2-week intervals, but always at least 1 week before trapping. Grid A was switched from supplemented to control and grid C from control to supplemented halfway through the study (June 1991), to reduce any bias due to inherent differences among the grids (Doonan and Slade 1995) . Grid B was supplemented and grid D was a control for the entire 2-year experimental period.
All movements by an individual were measured as mean squared distances from the centroid (arithmetic mean) of locations, a method that allows movements based on small sample sizes to be aggregated within sex and size or age classes (Slade and Russell 1998) . Movements were calculated from grid coordinates and converted to squared distances by multiplying by 225 m 2 . Initially each animalmonth was considered an independent sampling unit for analyses within 3-day trapping periods, but we found significant autocorrelation among successive estimates for the same individual. To resolve this, we randomly selected only 1 animal-month for any animal captured in .1 month. Because our movement data were not normally distributed, we conducted a quasi-nonparametric analysis by substituting ranks of individual movement for the raw data.
General linear models were used to explore variation in movements within monthly trapping sessions in regard to sex, season (spring ¼ March-May, summer ¼ June-August, autumn ¼ September-November, and winter ¼ December-February), body mass class (,60g, 60-120g, and .120g, which approximate juveniles, subadults, and adults), reproductive status, and experimental condition (control compared to food-supplemented). Models including all effects and interactions were not of full rank because some combinations of factors (e.g., small, reproductive rats) were not represented in our data. After all high-order interactions with missing data were removed, we fit the most complex model possible and sequentially removed the least significant interaction term of highest order until only factors that were involved in significant (P , 0.05) interactions or main effects remained. We then calculated adjusted means and standard deviations for the significant terms in the model (Minitab, Inc. 1996) . We calculated approximate standard normal variates (Z ' [ Khazanie 1996) to test for pair-wise differences among means of ranks at the 0.05 level (differences were significant if jZj ! 1.96). Results of F-tests are from general linear models on ranks, whereas the least-squares means and standard errors are for squared distances from the centroid from the selected linear model fit to raw data.
We also analyzed movements over the entire 1-6 months an animal was present on a grid. Because mass, reproductive condition, and season could vary over this time span, we tested only for significant differences in mean distances moved between sexes and experimental conditions using a general linear model (Minitab Inc. 1996) . As with movements within 3-day intervals, the data presented are adjusted mean squared distances from the centroid of all observations for an individual, obtained by fitting linear models from the rank data to the original data.
All animal handling protocols were in accord with the guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) and were approved by the Institutional Animal Care and Use Committee of the University of Kansas.
RESULTS
Daily movements varied with sex, season, and the sexreproductive condition interaction (Table 1) . Male cotton rats moved more than females, and reproductively active males moved most, whereas reproductive females moved least (Table  2) . Average squared distances moved were lower in spring ( X 6 SE; 202 6 95.2 m 2 , n ¼ 52) than in winter (393 6 72.3, n ¼ 124), summer (450 6 41.2, n ¼ 410), or autumn (481 6 54.5, n ¼ 161).
Both main effects were significant when we analyzed movements over the entire tenure on the study area (mean tenure ¼ 1.74 6 0.034 months, n ¼ 863; 444 individuals were present for only 1 month, and the frequency distributions of tenure did not differ among grids, v 2 ¼ 11.759, d.f. ¼ 9, P ¼ 0.23). Male cotton rats moved more (598 6 33.5 m 2 , n ¼ 447) than did females (376 6 34.1, n ¼ 428; F ¼ 11.26, d.f. ¼ 1, 872, P , 0.001), and cotton rats on control grids (563 6 37.3, n ¼ 353) moved significantly more than rats on the foodsupplemented grid (412 6 30.7, n ¼ 522; F ¼ 7.66, d.f. ¼ 1, 872, P ¼ 0.006). The interaction between sex and supplemental food was not significant (F ¼ 0.36, d.f. ¼ 1, 871, P ¼ 0.55).
DISCUSSION
The results of our study generally conform to those of Slade and Swihart (1983) . Average daily movements of male cotton rats exceeded those of females, reproductively active males moved more than nonreproductive males, and vagility was low in winter in both studies. The difference between movements of males and females were greatest among reproductive individuals, which is consistent with a polygynous or opportunistic breeding strategy (Gaulin and Fitzgerald 1986 ), but our data do not offer further insight regarding mating systems.
Our predictions regarding the impact of supplemental food on short-term movements were incorrect. Additional food had no discernable effect on mean daily movements of either males or females. Population density increased on our supplemented grids (Doonan and Slade 1995) , so perhaps per capita resources and individual effort to acquire food were unchanged. Alternatively, Fortier and Tamarin (1998) attributed unchanged home range size on their supplemented areas to territorial behavior of female M. pennsylvanicus. We know of no evidence of territoriality in female cotton rats, but Cameron (1995) concluded that reproductive males might be territorial.
Average daily movements of reproductive females on supplemented grids did not change, whereas both mass-specific litter size (Campbell and Slade 1995) and growth rates of young rats increased (Eifler et al. 2003) . Thus, reproductive females seemed to have access to additional resources with no increase in daily movements. Supplemental food was dispersed throughout the experimental grids, but local concentrations (individual cans) might have been defendable by some reproductive females and inaccessible to others. If so, one might expect increased variances among daily movements of reproductive females on the supplemented grids. In fact, variation was greater on the control grids than on supplemented grids (SD within 3-day intervals ¼ 34.9 and 16.2 m, respectively) for reproductive females, offering no support for female territoriality.
The only significant response to supplemental food in our study was a decrease in long-term movements, which indicates that movements might respond to changes in resources on a more extended temporal scale than daily. Because daily movements did not change, reduced movements over the entire tenure on the area must have been due to smaller shifts in centers of activity over time. Desy et al. (1990) also reported no change in daily movements (adjusted for density) but reduced movements between trapping periods in M. ochrogaster. A pattern of movement onto food-supplemented areas followed by reduced long-term movements thereafter seems to be one of the principal factors increasing population density with added food. Others have noted increased immigration and residence times or decreased emigration in food-supplemented populations of Clethrionomys glareolus (Löfgren et al. 1996) , Peromyscus difficilis (Galindo-Leal and Krebs 1998), and Mastomys natalensis (Monadjem and Perrin 1998) . Skalski and Gilliam (2003) found that modeling individuals as alternating between sedentary and mobile states resulted in realistic distributions of heterogeneity among movements by individuals. In terms of their model, our supplemental food reduced the probability of individuals entering or remaining in a mobile state. Thus the principal effect of supplemental food could be viewed as attracting emigrants or causing animals to switch from the mobile to sedentary state when encountering additional resources.
We found that daily movements (home ranges) did not change with supplemental food whereas shifts in centers of activity decreased. Home ranges of M. ochrogaster on the same grids increased with supplemental food and long-term movements were unchanged (Slade et al. 1997 ). Other studies, cited above, reported other responses or lack thereof to added food. The impact of supplemental food on movements of mammals continues to be an interesting question because results vary with species, environment, and time scales.
